Salmonella enterica subspecies enterica serotype Dublin (S. enterica Dublin) emerged for the first time in New York, Pennsylvania, and Ohio in 1988. Since that time this host-adapted serotype has spread throughout the veal-and dairy beef-raising operations in the region; very few dairy farms have experienced clinical S. enterica Dublin infections. This study details the epidemiology of the outbreaks in cattle. During the period 1988 through 1995, nine New York and four Pennsylvania counties have been affected; 13 different locations were involved in New York, and 10 were involved in Pennsylvania. The morbidity and mortality and seasonal distribution of outbreaks, which totaled 35, is described. The antimicrobial susceptibility pattern of isolates revealed that many of the strains were resistant to a number of commonly used drugs. Clinical case details and pathology information are provided, with a caution to clinicians and microbiologists presented with suspect animals, i.e., most cases occurred in older calves, which is atypical for salmonellosis for this region (calves were 8 or more weeks old) and presented as pneumonia and septicemia rather than the primarily diarrheal syndrome that is more typically recognized for the region. The epidemiology of cases is analyzed through cluster analysis of bacterial isolates and their fatty acid methyl ester profiles; at least six clones appeared in the region during the study period. Results of the epidemiology analysis are used to support a hypothesis regarding the source of S. enterica Dublin for the region and its manner of dissemination.
Salmonella enterica subsp. enterica serotype Dublin is a hostadapted serotype predominantly found in cattle and occasionally in swine, sheep, horses, and zoological animals (5, 7, 11, 50) . Salmonellosis in animals always presents a potential zoonotic threat. S. enterica Dublin in endemic areas has caused severe disease in people who drink raw milk from infected carrier cows. Many of these people are immunosuppressed individuals. Human patients present with septicemia, osteomyelitis, and meningitis, often ending in death (8, 13, 47, 52) .
Today, the public and the veterinary and medical communities are aware of the issues of "emerging and reemerging infectious diseases" (49) . There are perhaps many factors contributing to the increase in emerging diseases, e.g., with cattle salmonellosis, especially S. enterica Dublin, the movement of cattle on trucks, intermixing of animals at sale barns, changes in housing, and feed and management practices all contribute to this increase in prevalence (25, 36, 56, 57) . Now, more than ever, a coordinated approach to disease monitoring, surveillance, and both basic and applied research is needed; this, coupled with better communication among animal industries, veterinarians, public health and government regulatory authorities, and the public will help to establish preventive and control measures for emerging and reemerging infectious diseases (19, 29) .
Researchers have questioned the degree of genomic diversity in bacterial species, such as S. enterica Dublin, one of the host-adapted salmonellae, which have a very limited host range (4) . S. enterica Dublin is thought to be of recent evolutionary origin based on the uniformity of its multilocus enzyme genotype and analysis of fliC flagellin DNA sequences; S. enterica Dublin is closely related to and thought to have evolved from an S. enterica Enteritidis-like ancestor (32, 40) . It has been possible to differentiate clones within S. enterica Dublin by employing multilocus enzyme electrophoresis (MLEE), pulsed-field gel electrophoresis (PFGE), ribotyping, restriction fragment length polymorphism analysis, restriction enzyme fragmentation pattern (REFP) analysis, various PCR techniques, and IS200 typing (4, 9, 22, 32, 35) . These studies show that it is possible to track strains of S. enterica Dublin involved in outbreaks of disease.
Salmonella infections in cattle result in the problems of accurate diagnosis and the herd-level prevention and control of infections. Salmonella strains of serogroups B, C, and E have commonly been found in cattle in the Northeastern United States (26, 36) . Until 1967 S. enterica Dublin (serogroup D) was only found west of the Rocky Mountains and was traditionally considered to be a "Western" disease. Since that time it has been making a steady progression eastward as animals and their products have been extensively moved (5) . While this organism has been found east of the Rockies in other host animal species as early as 1968, in January 1980 the first case of S. enterica Dublin in cattle east of the Rocky Mountains occurred in Indiana (5, 7) . In 1988 S. enterica Dublin (serogroup D) appeared for the first time simultaneously in New York, Pennsylvania, and Ohio in cattle (12) , and it has been spreading in the Northeastern region.
While not yet considered to be endemic on Northeastern dairy farms, S. enterica Dublin has been found frequently in veal and dairy beef-raising operations.
The goals of this study are to present the descriptive epidemiology of S. enterica Dublin infections in New York and Pennsylvania, to alert clinicians and clinical microbiologists to the different clinical presentation of the serotype Dublin-infected calf, to describe the most appropriate choice of specimens for culture diagnosis, and to describe the epidemiology of S. enterica Dublin strains through the quantitative evaluation of their fatty acid methyl esters (FAME) in cluster analysis.
MATERIALS AND METHODS
Bacterial culture and identification of Salmonella isolates. All fecal and tissue specimen manipulations were performed in a biological safety cabinet type 2A by using an aseptic technique carried out by trained microbiology staff. Standard microbiological procedures were used throughout the study (10, 41) . Bacterial isolates, after being serogrouped, were biochemically identified using the Sensititre's Automated Microbiology System's AP80 panel (Sensititre Microbiology System Division, AccuMed International, Inc., Westlake, Ohio).
Salmonella serotyping. Biochemically confirmed Salmonella were referred to the National Veterinary Services Laboratories, Veterinary Services, Animal Plant Health Inspection Service, U.S. Department of Agriculture Services (NVSL, VS, APHIS, USDA), Ames, Iowa, for complete serotyping by standard techniques (10) . All isolates confirmed as Salmonella enterica subsp. enterica serotype Dublin were included in the study.
Bacterial isolates. All S. enterica Dublin isolates came from outbreaks of disease in New York and Pennsylvania cattle from 1988 until 1995. Fecal or tissue specimens were obtained during the New York State Diagnostic Laboratory's ongoing program of culture surveillance of spontaneously occurring disease in cattle. These diagnostic specimens originated from New York and Pennsylvania veterinary practitioners. A "case" was defined as a clinically ill animal having signs of pneumonia, diarrhea, or septicemia. Each case represents one animal; a single colony was taken from the culture of a case animal, and this is referred to as an isolate. In all, 114 isolates of S. enterica Dublin were studied; these represented all of the cases of diseased cattle received at the laboratory (plus a few zoological animals) during this time period. As with all diagnostic sources of data, our data were also subject to submission bias. All isolates were lyophilized and stored at Ϫ70°C and were also subcultured on Trypticase soy agar slants (BBL) and stored at room temperature for daily use.
In addition, 96 isolates of S. enterica Dublin from around the United States were obtained from the USDA APHIS NVSL in Ames, Iowa, for comparison. These isolates originally were cultured from cattle specimens during 1992 by veterinary diagnostic laboratories in 21 states and then submitted to the NVSL for serotyping.
Antimicrobial susceptibility testing. Until March 1989, the disc diffusion method of Bauer et al. (3) was used for susceptibility testing. With the disc diffusion test, six drugs were routinely tested for their effect against gramnegative enteric bacteria: ampicillin (10 g), chloramphenicol (30 g), gentamicin (10 g), neomycin (30 g), tetracycline (30 g), and trimethoprim (1.25 g)-sulfadiazine (23.75 g); chloramphenicol was used as a marker only because of the prohibition of its use in food and fiber animals. All products, including Mueller-Hinton agar, drug discs, and the disc dispenser, were from BBL.
In March 1989, the disc method was replaced by the broth dilution susceptibility test to determine the MIC for the Salmonella strains. The protocol of the National Committee for Clinical Laboratory Standards for fast-growing aerobic bacteria was followed (31) . The following drugs were used in a customized MIC panel: amikacin, ampicillin, ceftiofur, cephalothin, chloramphenicol, enrofloxacin, gentamicin, neomycin, tetracycline, trimethoprim-sulfadiazine (Sensititre Microbiology System Division, AccuMed International, Inc.). Not all drugs were used in each assay since the drugs used in the custom panels changed over the years. Panels were inoculated and read with the Sensititre system. FAME analysis. (i) Standardized growth conditions and culture medium. The protocols for cultivating bacteria for fatty acid analysis are critical to the success and reproducibility of the analysis (see below). All bacterial isolates were grown on a single lot of medium as detailed below. Bacterial isolates were grown on Trypticase soy broth agar (TSBA) plates (BBL) at 28 Ϯ 1°C for 23 Ϯ 1 h. Up to 30 isolates were grown up at any one time for subsequent processing.
(ii) Harvesting bacterial cells. For bacterial-cell harvesting, 40 mg of cell mass in the late log phase of growth was harvested from the third quadrant of the TSBA plates by using a 10-l disposable plastic inoculating loop; cells were then weighed and placed into a teflon screw-capped test tube (13 by 100 mm).
(iii) Saponification. The lipids of the bacterial cell were saponified with 1 ml of an NaOH-methanol solution (45 g of NaOH, 150 ml of methanol, 150 ml of distilled water) added to each tube, vortexed for 15 s, and then heated at 100°C in a water bath for 5 min. Tubes were then removed from the water bath, vortexed for an additional 15 s, and then heated again at 100°C for 25 min.
(iv) Methylation of fatty acids. After the tubes were cooled in a water bath to room temperature, free fatty acids were methylated by adding 2 ml of a hydrochloric acid-methanol solution (325 ml of 6.00 N HCl, 275 ml of methanol) to the tube, followed by vortexing for 15 s and heating at 80 Ϯ 1°C for 10 min in a water bath.
(v) Extraction of FAME. After a rapid cooling in an ice bath to room temperature, the FAME were extracted from the acidic aqueous phase by the addition of 1.25 ml of a hexane-methyl-tert-butyl ether solution (1:1 [vol/vol]) to the tube followed by end-over-end rotation of the tubes for 10 min on a hematology rotator. For the base wash, the lower acidic aqueous phase was aspirated and discarded; the upper FAME extract layer was washed and neutralized by adding 3 ml of an NaOH solution (10.8 g of NaOH, 900 ml of distilled water), tightly capping the tubes, and rotating the tubes for 5 min on a hematology rotator; this step also served to remove any free fatty acids and traces of reagents. Two-thirds of the upper FAME solvent layer was then pipetted into an autosampler vial and capped for later chromatographic analysis.
Gas chromatography. FAME were separated with a Hewlett-Packard 5890 gas-liquid chromatograph (GC) fitted with a capillary column (Ultra 2; crosslinked 5% phenylmethyl siloxane; 25 m by 0.2 mm [inner diameter] by 0.33-m film thickness; Hewlett Packard, Avondale, Pa.) coated with phenylmethyl silicone and a flame ionization detector; hydrogen was the carrier gas. The FAME were identified by using a chromatography work station, the MIDI-Sherlock System (Microbial ID, Inc., Newark, Del.) and associated software, which was linked to the GC. The MIDI Sherlock System uses a standard calibration mixture containing FAME in 0.8 ml of hexane (straight-chain saturated nC 9:0 to nC 20:0 , plus two and three hydroxy acids; MIDI, Inc.) to standardize the chromatography.
Quality control. Standard quality control procedures performed for all FAME studies included controls at the growth and extraction levels. Single colonies were picked for each bacterial isolate for culture and extraction to minimize isolate variation. A single batch of TSBA medium was used for the entire study to reduce any variation due to batch to batch media differences. Bacterial cells were grown under controlled culture conditions, i.e., 23 h at 29°C in air and harvested only from the third quadrant of the agar plate (early-log-phase cells with the most stable and reproducible fatty acid levels). A total of 40 mg of cell mass (wet weight) was weighed out for each assay. Quality control also included controls at the GC system level. Only 10 test samples were injected into the injection port liner of the GC before these were replaced with clean and freshly packed liners so as not to introduce any error into the FAME analyses from clogged liners. The entire GC injection procedure was under computer control. The GC was calibrated at the beginning of each run from a commercially available calibration mix, and the GC was recalibrated automatically after every 11 injections, all of which was under computer control. The hydroxy compounds in the calibration mixture are especially sensitive to changes in pressure and temperature relationships and to contamination of the injection port liner and thus are important quality control checks.
Analysis of chromatograms. The MIDI-Sherlock System software and the Hewlett-Packard ChemStation software run concurrently on the system, i.e., the ChemStation software stores the raw data, produces the sample chromatogram, and locates the FAME. The MIDI-Sherlock System software then identifies FAME by integrating the peak location versus named peaks from the standard calibration mix that is run as a calibration control. The MIDI software also produces a report of the microorganism identification after a comparison of the FAME composition to the FAME library entries stored in its database (2) . Cluster numerical analysis of FAME data. To study the relatedness of S. enterica Dublin isolates, the quantitative FAME data produced by the MIDISherlock System was evaluated with two programs from Microbial ID, Inc. "Cluster" is a designation of a major grouping of isolates that is readily visible from the dendrogram and two-dimensional (2D-Plot) analyses without additional numerical analysis. Clustering of strains was then further evaluated numerically by the unweighted-pair-group method of arithmetic averages (UPGMA) according to the method of Sneath and Sokal (44) ; this resulted in a onedimensional dendrogram. The distance along the dendrogram scale at which isolates paired was noted as the euclidian distance (ED). Principle component analysis of FAME data according to the method of Gower (14) produced a 2D-Plot to show the distribution of groupings of the isolates. From the 2D-Plot, if one measures the ED spanned by the cluster along the x axis and then multiplies this value by the distance spanned by the cluster along the y axis, this calculation yields the ED 2 . Reproducibility of the FAME method for S. enterica Dublin. To test the reproducibility of the FAME method for the gram-negative bacterium S. enterica Dublin, a single field isolate of S. enterica Dublin was grown according to the standard culture protocol (see above) on 6 different days in replicates of five or six plates each (this represented the within-run variability). The growth from each plate was harvested and treated as a separate unknown bacterial strain. FAME data obtained from these analyses were processed by cluster analysis by using the dendrogram and 2D-Plot software programs (see below). This reproducibility study was used to determine the conventions for interpreting the results of cluster analyses, especially with regard to the status of a group of isolates as a "clone," defined here as a divergent line within the population of S. enterica Dublin. The between-run variability was assessed by using all the data points generated from each of the six daily runs in a single dendrogram and 2D-Plot.
Descriptive epidemiology of S. enterica Dublin outbreaks. Each suspect case of salmonellosis was accompanied by information on the location and size of the herd of origin, on the herd morbidity and case fatality rates, and on the dates of onset of the problem. In addition, the details of the clinical case presentation were supplied by the veterinarian referring the case to the laboratory for cultural confirmation of disease. The Necropsy Service of the Department of Pathology at the College of Veterinary Medicine, Cornell University, provided details of the gross pathology and histopathology of the cases.
RESULTS
National and regional frequency of S. enterica Dublin. The national and Northeastern regional frequency distributions of S. enterica Dublin cases as reported by the NVSL, VS, APHIS, USDA, are presented in Table 1 . During 1988 and 1989, the first and second years of the outbreaks in New York, Pennsylvania, and Ohio, isolates from these three states made up 26 and 12%, respectively, of the total Salmonella enterica Dublin cases reported for the United States by the NVSL. During the next 6 years, this percentage dropped and, it has remained at ca. 5% of the U.S. total. The outbreaks occurring in New York, Pennsylvania, and Ohio during the years 1988 to 1993 correlated with the national overall increase in Dublin cases reported to the USDA.
Antimicrobial susceptibility: disc diffusion and broth dilution MIC. From 1973 to 1989 the Kirby-Bauer method of determining antimicrobial susceptibility was used in the New York State Diagnostic Laboratory. During this time, different drugs, including ampicillin, chloramphenicol, gentamicin, neomycin, tetracycline, and trimethoprim-sulfadiazine, were used at different times against enteric bacteria. All isolates tested were resistant to ampicillin, chloramphenicol, neomycin, and tetracycline and were sensitive to gentamicin and trimethoprim-sulfadiazine.
After 1989, the laboratory switched to the broth dilution MIC method with a commercial automated testing system and a custom MIC testing panel. In general, all S. enterica Dublin strains tested, with few exceptions, were resistant to ampicillin, chloramphenicol, neomycin, and tetracycline and were sensitive to amikacin, cefoxitin, cephalothin, enrofloxacin, gentamicin, and trimethoprim-sulfadiazine at the MIC levels shown in Table 5 .
Epidemiology of S. enterica Dublin. (i) reproducibility of FAME method for S. enterica Dublin. A single isolate of S. enterica Dublin grown on 5 different days in replicate platings on five or six TSBA plates produced linkages of replicates at the following levels in dendrogram analyses (day 1, 2.8 ED; day 2, 1.8 ED; day 3, 2.9 ED; day 4, 2.6 ED; day 5, 3.0 ED); these same replicates showed clustering of replicates at the following levels when analyzed in the 2D-Plot: day 1, (Fig. 1 ) and the 2D-Plot analyses (Fig. 2) , e.g., "SD1" stands for the first cluster of S. enterica Dublin. A clone is defined as strains grouping at an ED of Յ3 as determined by dendrogram analysis (UPGMA) (Fig. 1) and/or grouping at Յ9 ED 2 by 2D-Plot analysis (principal component analysis) (Fig. 2 ), e.g., "SD1, 1" signifies that within the first cluster of S. enterica Dublin "SD1" there is a clone indicated as clone 1.
b ED is a measure of the literal distance between two objects when they are viewed as points in the two-dimensional space formed by their attributes. This value is read directly from the dendrogram scale in Fig. 1 and is the point on the scale where a group of bacterial isolates join up or pair together.
c ED 2 is the ED squared. In the 2D-Plot, the ED spanning from the left edge of the cluster of bacterial isolates along the x axis to the right edge of the cluster, multiplied by the distance spanned by the bottom edge of the cluster along the y axis to the top edge of the cluster, gives the ED 2 . These values are read directly from the x and y axes of Fig. 2. d The totals for the groups add only to 109 and not to 114 because five outlier isolates that did not cluster with the other strains were not included in the Table. gram-negative bacterium S. enterica Dublin support the following interpretive criteria: in the dendrogram, isolates that link with a Յ3 ED are likely to be clones; in the 2D-Plot, isolates with a clustering of Յ9 ED 2 are likely to be clones. Other studies of gram-positive and gram-negative bacteria have stated that isolates linking in the dendrogram at Յ2 ED and in the 2D-Plot at Յ25 ED 2 are likely to be clones (39, 42) . (iii) Cluster analysis of the FAME data. Within the first six months of the initial outbreaks of disease in New York and Pennsylvania, 35% of the cattle operations of the study were already infected with S. enterica Dublin. That number rose to 52% within the first year. The FAME profiles of all isolates of S. enterica Dublin when analyzed by clustering techniques produced a dendrogram and a 2D-Plot containing six readily identifiable clusters of isolates. Within these clusters, however, there were a number of possible clones that were apparent when the definitions of cluster analysis were used (Table 2, Fig.  1 and 2) . Table 3 presents a geographical and temporal distribution of S. enterica Dublin clusters. The clusters consisted of isolates occurring in 3 to 12 different locations per cluster. Within a cluster of isolates, one or more clones were found at multiple locations. For example, five individual locations were infected within the first cluster of S. enterica Dublin isolates (designated SD1), i.e., N6, P7, N7, N8, and N9, and of these a clone designated clone 1 was found which contained isolates from three locations: N6, P7, and N9. Three locations were contained in the second cluster, SD2, which contained three clones (clones 1, 2, and 3), etc.
After the first year of the outbreaks in which 12 locations were affected, we did not see recurring infections at these first farm locations but instead saw new locations affected (Table  3) . Cluster SD2 was only found during the first year of the outbreaks, whereas SD1 was seen only in the second year. Clusters SD3, SD4, and SD5, though found mostly in the first year, were seen sporadically at new locations in the second and third years as well. Cluster SD6 was seen throughout the study period but appeared, for the most part, in many new locations in the later years of the study. Some clusters appeared on the same farm sporadically over a 6-to 9-month period but usually not for longer than this.
(iv) Cluster analysis of New York and Pennsylvania isolates with isolates from other areas of the United States. By using dendrogram analysis of FAME, 73 S. enterica Dublin isolates from the NVSL were compared with the 114 isolates from New York and Pennsylvania. At least 19 of these isolates could be paired with isolates from 17 other states at levels which would define them as clones, i.e., Յ3 ED (Table 4) . Isolates from each of the clusters already noted from New York and Pennsylvania, i.e., SD1 to SD6, could be grouped with U.S. isolates at the clonal level. There were 17 clusters noted for the combined U.S.-New York-Pennsylvania sample, which contained 22 clones. The clusters and clones identified in the analysis of the New York-Pennsylvania isolates were conserved when the isolates of the combined data set were analyzed, thus illustrating further the reliability of the clusters and clones identified.
Descriptive epidemiology of S. enterica Dublin outbreaks in New York and Pennsylvania. (i) Geographic distribution. From October 1988 to 1998, nine New York State counties had S. enterica Dublin clinical cases; a total of 13 different locations were involved. All cases were found in cattle-based operations except for three zoological cases found in tigers and cheetahs. During the same time period, four Pennsylvania counties were affected, involving a total of 10 different locations. All of the Pennsylvania cases came from cattle operations, except for one case of aborted pups in a sheep dog. In both states a total of 35 outbreaks have occurred (Table 5 and Fig. 3) .
(ii) Types of cattle operations affected. During the early months of the outbreaks in New York and Pennsylvania, the new dairy beef industry operations were affected by S. enterica Dublin. Later cases appeared in numerous veal operations throughout the region. Only two clinical cases in adult cattle were detected on dairy farms during the study. Case details and census information were supplied by the referring veterinarian and animal owner ( Table 5 ). The dairy beef operations tended to have a higher animal census than the veal-raising operations. The herd morbidity rates varied greatly in all types of cattle operations, as did the case fatality rates. The herd morbidity rate was calculated by dividing the total number of ill animals by the herd census and multiplying by 100 to get a percentage. The case fatality rate was calculated by taking the number of clinically ill animals that died, dividing this value by the total number of clinically ill animals, and multiplying the total 100 to get a percentage. The average case fatality rate for dairy beef animals was 29%, for veal calves it was 47%, and for adult dairy cows it was 50%. (iii) Temporal distribution. Outbreaks in cattle occurred throughout the year without obvious seasonality (Table 5) .
(iv) Clinical presentation and pathology. The clinical presentation of calf cases were those of depressed, pneumonic animals (labored breathing, nasal discharge) with or without concomitant diarrhea. Gross pathologic and histopathologic evaluation of these cases confirmed the involvement of the lungs and the intestinal tract and usually indicated that the calves had septicemic salmonellosis. These cases often had swollen, inflamed joints containing fibrin tags. The intestinal tract lesions included ileitis and mesenteric lymphadenitis, while the lung lesions ranged from acute, suppurative pneumonia to chronic bronchopneumonia. Many cases had histopathological lesions of cholecystitis and hepatitis. Calves with brain involvement had severe meningoencephalitis. The ages of affected calf cases ranged from 7 to 16 weeks of age; this is an older calf than was usually seen in the region for cases of salmonellosis (Table 5) . Of the two adult dairy cattle cases, one was affected 2 days postpartum and died acutely. Its pathologic lesions included chronic, resolving mastitis, but otherwise no lesions were noted in the gastrointestinal tract. The other dairy cow was noted to have fever and diarrhea. Since it survived this clinical episode, no pathology was performed, and it was lost to follow-up.
DISCUSSION
Today bacterial population genetics and the molecular epidemiology of infectious diseases are two topics with renewed importance (30) . Moreover, the tools with which we can now fingerprint the isolates of bacteria from cases of disease in both animals and humans are readily available; some of these techniques are PFGE (16), ribotyping (51) , and FAME analysis (43, 46) . Many disease outbreaks are caused by distinct bacterial clones (30) . This is true for the salmonellae (24, 28, 33, 48) and in particular for S. enterica Dublin (9, 32, 35) . S. enterica Dublin strains are thought to be very closely related and clonal; the fact that strains exhibit little diversity may reflect their adaptation to the bovine animal as a host-adapted serovar (4, 32, 40 Table 2 , footnote a, for an explanation of the designations cluster and clone. b The notation "N6" means the sixth outbreak in New York; the notation "P1" means the first outbreak in Pennsylvania, etc.
of 11 possible types, making this tool of limited value in outbreak investigation (11, 15) . MLEE has been able to subdivide S. enterica Dublin into four electrophoretic types, Du1, Du2, Du3, and Du4, but, unfortunately, most U.S. isolates belong to the Du1 type, limiting the usefulness of MLEE in epidemiology studies (4, 40) . IS200 typing did not subdivide S. enterica Dublin strains at all (9, 32) . Ribotyping of a group of English S. enterica Dublin isolates produced just two groups considered to be clones (9) . Other studies with ribotyping have demonstrated as many as eight ribotypes from a larger multinational collection of S. enterica Dublin isolates (32), thus showing a potential for the use of this molecular technique in epidemiological studies of S. enterica Dublin. Also, REFP analysis of whole-cell bacterial DNA produced two major types of S. enterica Dublin and six further subtypes (35) . Recently, investigators have used up to five concurrent typing methods to enhance the discrimination and tracking of S. enterica Dublin isolates. The combination of ribotyping with arbitrarily primed PCR was especially useful (22) . The use of FAME analysis for the identification of microorganisms and also for the study of the epidemiology of bacterial diseases in plants and animals has been well documented, e.g., for Borrelia (23) and Bacillus (42) spp. An excellent review by Smith and Siegel (43) discusses the concepts of FAME analysis, the MIDI-Sherlock System, the use of FAME for strain tracking, the reproducibility of the FAME, and the fatty acids of gram-positive and gram-negative bacteria. FAME analyses of bacteria are highly reproducible and relatively simple and inexpensive to perform.
Relatively few reports have been made of the FAME of Salmonella spp., e.g., a report from 1996 showed the closely related biovars S. enterica Gallinarum and Pullorum could readily be distinguished by FAME analysis (38) , and another report in 1995 showed that FAME analysis was a useful technique for distinguishing vaccine strains of both S. enterica Typhimurium and Dublin from field strains of these bacteria (28) . In the present study we were able to show clustering of S. enterica Dublin in outbreaks of disease in New York and Pennsylvania. In dendrogram and 2D-Plot analyses of the New York and Pennsylvania isolates of S. enterica Dublin, we noted that six clusters and a number of clones were evident ( Fig. 1 and 2 and Tables 3 and 4) . Since the New York, Pennsylvania, and Ohio areas were free of S. enterica Dublin prior to 1988, since serotype Dublin is found in a limited host range (cattle for the most part), and since we knew the source(s) of calves for the dairy beef and veal locations were local farms that were free of S. enterica Dublin infection, we have proposed the hypothesis that a transport system (manure-laden trucks) carried S. enterica Dublin from areas of the country where it is endemic to our own area; during 1988 there were outbreaks of S. enterica Dublin in the nearby western states of Illinois and Indiana, as well as in Kentucky (12) . Once S. enterica Dublin was present in the sale yard environment due to cross-contamination from animals removed from trucks, it readily spread via calves congregated there to the cattle-raising farm locations. The fact that the same clone was widely disseminated to multiple locations in New York and Pennsylvania simultaneously was interpreted to mean that S. enterica Dublin most likely spread from initial sources such as transport trucks or sale yards on to the many veal or dairy beef operations in the area. Also, the intermittent presence of the same clone at one location for up to 9 months was interpreted as being due to the long-term survival of S. enterica Dublin in the environment of the veal or dairy beef operations. The clustering of cases that seems apparent in Fig. 3 is probably due to a combination of factors. The first is the cattle distribution, since this is the major veal and dairy beef region of the two respective states. The second factor is submission bias, since these areas have ready access to the veterinary college at Cornell University for the cultural confirmation of a field differential diagnosis. However, since efficient commercial courier service is available and owners are willing to drive animals to Cornell, this submission bias is probably not a major factor. Third, these sites also get calves from common sale barns so that many types of infections, including enteric bacterial diseases, are readily spread and shared at the cattle-growing locations.
We compared 96 isolates of S. enterica Dublin available to us from areas where serotype Dublin is endemic in the United States. These isolates were obtained in 1992, the time closest to the start of the outbreaks in late 1988 and early 1989. Using cluster analysis of the FAME profiles (dendrograms), we found that 19 of our local isolates could be linked with strains from 17 other states at levels that would define them as clones (Table 4) . Thus, there is plausible support of our hypothesis that contaminated transport trucks brought S. enterica Dublin into our heretofore nonaffected area. The many potential source states for S. enterica Dublin may also account for the variety of clusters (i.e., SD1 to SD6) that we were able to detect in our local area.
There are five isolates of S. enterica Dublin that did not cluster in the FAME analysis and are thus labeled as outliers. These outliers are readily seen in the 2D-Plot (Fig. 2) but are not as easily seen in the dendrogram (Fig. 1) due to the scale of the figure. The significance of the outliers is not known at this time. However, it is plausible that they may represent as-yet-unrecognized clones which may become apparent in future studies with additional isolates of S. enterica Dublin.
Infection in the region with S. enterica Dublin has been confined to the relatively transient populations of veal, which are kept for about 14 weeks before going to market and the relatively new industry called dairy beef in which dairy animals are raised as beef for up to 1.5 years before going to market. These two industries need large numbers of assembled calves and require frequent restocking. Thus, animals in these indus- Type of operation: dairy beef, bull calves from dairy breeds of cattle raised to between 1,000 and 1,200 pounds before going to market (usually "preconditioned" by weaning, castration, dehorning, and vaccinating before they enter the rearing facility); veal, bull calves from dairy breeds raised to the age of 12 to 14 weeks either on a milk replacer diet (hence the name "milk fed") or on a milk diet supplemented with hay and grain; dairy, farm with calves and adult dairy breed animals that produce milk for retail sale; zoological (i.e., exotic animal, bird, or reptile collection used for exhibit and/or study); heifer replacement, contract raising of female calves from multiple farms for eventual return to original farm of origin. tries are exposed to significant infection risk factors such as multiple transport, comingling at sales sites, and ample opportunity for fecal-oral cycles of infection (25, 53, 55, 56, 57) . Because our data are based on spontaneous disease submissions from referring veterinary clientele, these data are undoubtedly biased. Nevertheless, we feel that if S. enterica Dublin were endemic in New York and Pennsylvania dairy farms, we would have seen more than the two isolated cases of disease in adult milking cows. The two dairy cow cases, NY5 from November 1988 and NY12 from September 1994, were likely to have been acute disease cases resulting in death of the animal on at least one of the farms. Death of the animal precluded the development of a carrier state in one case and thus there should be no long-term problem for the host farms; the second cow case was lost to follow-up. In contrast, in areas of the world where this organism is endemic, carrier cattle serve as a continuing focus of infection for the herd and especially for young stock (36, 53, 57) . A danger to the Northeastern region, however, is the potential residual environmental contamination present in veal and dairy beef operations and also the sale yards and trucks that handled the infected animals. S. enterica Dublin may be spread to other farms via direct or indirect means by the normal course of farm operations and the traffic (both human and animal) that this entails; the organism may also be spread via birds, such as the abundant gulls of the area's waterways.
Antimicrobial resistance in a pathogen like S. enterica Dublin is important in cattle as a clinical treatment variable and as a risk factor in zoonotic disease (21, 47, 52) . As for most other Salmonella spp., many surveys have been published over the years detailing trends in drug resistance for S. enterica Dublin (11, 20, 45, 54) . As in our study, at least four other North American studies have found a considerable degree of resistance in S. enterica Dublin (6, 11, 34, 37) . While most of these studies provided no information on antimicrobial usage in the host animals from which S. enterica Dublin was isolated, at least one study of California dairies indicated that up to 10% of the S. enterica Dublin isolates were chloramphenicol resistant; this study determined that such resistance was caused by use of chloramphenicol on the farm within a year prior to sampling for the study (34) . The results of the present study (Table 5 ) will provide baseline data for evaluating future trends in antimicrobial resistance in the Northeastern region. The resistance to ampicillin, chloramphenicol, tetracycline, and neomycin noted here reflects either the use of these drugs in the cattle operations of the region and/or their use in other states from which the S. enterica Dublin originated. Neomycin and tetracycline have been commonly used as feed additives, and resistance to these drugs is common in many other enteric bacterial species, such as Escherichia coli, recovered from calves. Resistance to the fluoroquinolone drugs was not encountered in this study, nor have we seen any resistance in other salmonella serotypes from our case load. Fluoroquinolone drugs are not currently licensed for use in calves.
Salmonella serotypes in serogroups B and C generally cause more severe disease than those from serogroup E. However, there is much variation in the clinical presentation in the bovine animal depending on the host's age, its immune status and intercurrent disease, the infecting Salmonella serotype, its dose and inherent virulence, and other environmental stress factors, such as the availability of adequate food and water and various weather conditions (1, 25, 36) . S. enterica Typhimurium (serogroup B) has been the most common serotype in the Northeastern region, where calves from 2 to 8 weeks of age typically present with enteric salmonellosis, i.e., fever and bloody diarrhea with intestinal casts. This is also the typical presentation in adult cattle. In contrast, in areas where it is not endemic, most cases of S. enterica Dublin occur in older calves (8 or more weeks old) that present with septicemic salmonellosis, i.e., with fever, pneumonia, swollen joints, and sometimes diarrhea, rather than a primarily diarrheal syndrome. S. enterica Dublin infections in adult cattle may vary in presentation from fever, bloody diarrhea, and abortions in newly exposed herds to milder forms of diarrhea in endemic herds (1, 50, 55) . In areas where serotype Dublin is endemic, the syndrome in calves may present with milder forms of diarrhea only (53) . S. enterica Typhimurium is a non-host-adapted serotype, is not known to produce a carrier state, and is known for primarily enteric disease states. S. enterica Dublin, a host-adapted serotype, produces carriers and causes primarily septicemia (6, 7) . Because of the differences in pathogenesis and in the clinical presentation in S. enterica Typhimurium-versus serotype Dublin-infected herds, appropriate specimens for the antemortem culture diagnosis of disease may differ, i.e., for Typhimurium, diagnosis would be by fecal culture, whereas for Dublin, diagnosis would be by blood cultures, tracheal washes, and fecal cultures. Serology is also more important in the diagnosis of S. enterica Dublin infections in adult cattle (where carrier states are common) than in Typhimurium disease (17, 18) .
S. enterica Dublin may cause severe problems for the Northeastern dairy industry should it become endemic on dairy farms. Though infection appears not to have spread to dairies in the region, a surveillance system that relies on spontaneous disease submissions is likely to miss some cases of salmonellosis unless severe disease occurs in the herds. The present work provides basic information regarding the descriptive epidemiology and microbiology for ongoing evaluation of disease events in the field. New York State is implementing a cattle quality assurance program that will address the problems of salmonellosis prevention and control. Also, additional evaluation of isolates by PFGE and ribotyping is planned in the future. The basis for antimicrobial resistance will be evaluated by plasmid analysis as well.
